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[57] ABSTRACT

This transducer multiplexer enables a multiplicity of
individual bridge type transducers to be calibrated si-
multaneously under computer control. The various
transducers are connected to a common loading means
capable of providing a variety of known loads to the
transducers also under computer control. The trans-
ducer multiplexer communicates with an external con-

trol computer over a standard interface bus. The micro-
processor in the transducer multiplexer interprets and
executes the commands, received over the interface
bus, to perform one of the {ollowing tasks: (a) calibra-
tion resistor selection means; (b) bridge leg selection
means which select one of the legs of one of the trans-
ducers to which the selected calibration resistor is ap-
plied in parallel; or (c) channel selection means which
select one of the transducers for testing and calibration
in conjunction with the loading means or in conjunction
with the calibration resistor and bridge leg selection
means, and output means providing signals representing
the response to the transducers.

Manual control of these functions is also provided
through lighted pushbutton switches on the front panel.

9 Claims, 10 Drawing Figures
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1
TRANSDUCER MULTIPLEXER

A computer program useful for the practice of this

invention apprears as an appendix to this specification
and consists of one sheet of microfiche which contains
eleven frames of code listing.

BACKGROUND OF THE INVENTION

This invention relates to testing equipment for bridge
type transducers. More particularly, this invention re-
lates to semi-automated testing systems for bridge type
transducers and have the capability to test several trans-
~ ducers at once. The word “transducer” is meant to
include any full bridge measuring device, e.g., pressure
transducers, load cells, accelerometers, etc.

Prior art methods of testing and calibrating bridge
type transducers have been done by manual testing of

J

10

2

The transducer multiplexer communicates to an exter-
nal control computer through a standard interface bus.
The microprocessor, internal to the transducer multi-
plexer, accepts, interprets and executes the commands
received over the bus. Under program control, these
commands perform the following functions: select a.
channel, select a bridge leg, and/or select a calibration
resistor. The microprocessor also communicates with
RAM for temporary storage of system information and
with ROM which holds the operating program. Once
the channel, bridge leg and/or calibration resistor have
been selected, the signals from the transducer are then

- passed through the transducer multiplexer to a precision

15

one transducer at a time. The normal calibration proce-

dure for a bridge type transducer is to apply about
twenty known load levels onto the transducer and then

20

measure the output voltage of the transducer at each of

these known load levels. This then provides a listing of
load levels versus the ratio of the output voltage to the
input voltage of the transducer. Normally this is ex-
pressed not as the curve of the individual points but
rather a best fit linear curve specified by a slope and an
intercept. Once the calibrated transducer is sent to the
. field, it then becomes very inconvenient to retest the
transducer by the former method. A field check of the
transducer may be accomplished by applying a calibra-

235
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tion resistor of known resistance in paraliel to one of the

bridge leg resistors in the transducer. This would also
have been done at the time of the lab calibration using

the twenty known load levels. The lab testing would

then apply the particular calibration resistor of known
resistance across a specified leg of the transducer and
record a reading which would represent at least 50% of
the full scale loading of the transducer. In other words,
the calibration resistor simulates a load, although no
load is actually applied to the transducer. A field opera-
tor would then check the functioning of the transducer
by connecting the same known calibration resistance
across the same leg to check that the output at that time
agreed with the lab recorded calibration resistor output.
If the two readings match, this verifies the full range
calibration of the bridge type transducer.

Unfortunately, the manual testing process is quite
tedious and, therefore, prone to human error. It is com-
mon for mistakes to be made in the recording of which
leg of the transducer is used for the calibraton resistor
test. Another common error is recording the value of
the cal resistor used. These problems are aggravated in
a testing lab since it is quite common to receive a large
number of transducers all at once. There has been an
unmet need in the testing industry for an automated
system which can produce error free calibration of
large numbers of transducers simultaneously.

SUMMARY OF THE INVENTION

This transducer multiplexer controls the testing and
calibration of a multiplicity of bridge type transducers
which are connected to a loading means capable of
applying a variety of known loads to the transducers.
The transducer multiplexer is under the control of a
separate computer and is connected thereto by a bus.
The transducer multiplexer provides output signals
from the transducers to a separate precision volt meter.
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voltmeter. The calibration can then proceed until differ-
ent reset conditions are required on the transducer mul-
tiplexer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an individual bridge
type transducer;
- FIG. 2 is a simplified block diagram of the various
elements of the overall transducer testing system of
which the transducer multiplexer forms a part;
FIG. 3 is a simplified block diagram of the transducer
multlplexer portion of the testing system; |
FIG. 4 is a schematic diagram of the bus interface
portion of the transducer multiplexer;

FIG. 5 is a schematic diagram of the microprocessor
portion of the transducer multiplexer;

'FIG. 6 is a schematic diagram of the RAM portlon of

the transducer multiplexer;
FIG. 7 is a schematic diagram of the ROM portion of

the transducer multiplexer;

FIG. 8 is a schematic diagram of the address decod-
ing and manual control portions of the transducer multi-
plexer;

FIG. 9 is a schematic diagram of both the calibration
resistor selection portion and the bridge leg selection
portion of the transducer multiplexer; and

FIG. 10 is a schematic diagram of the channel selec-
tion portion of the transducer multiplexer.

DETAILED DESCRIPTION OF THE
INVENTION

A preferred embodiment of the transducer multi-
plexer system that constitutes this invention was devel-
oped to test eight bridge type pressure transducers in a
single batch. Of course, the invention is not necessarily
limited to pressure transducers per se, or to devices
which only handle eight transducers at a time. The true
scope of the invention will be defined by the appended
claims. This particular pressure transducer multiplexer
was developed in part to be able to communicate with a
standard bus commonly used between intelligent instru-
ments. This is the bus defined by the IEEE-488 bus
specification standard. This bus allows for communica-
tion between the master system controller which is a
separate computer and the other elements of the overall
testing system. These other elements include a precision
digital volt meter, the transducer multiplexer itself, a
pressure manifold, and a pressure controller.

Turning to the drawings, FIG. 1 is a block diagram
showing the internal functional components of a typical
bridge type pressure transducer. The transducer 10
houses a bridge of four resistor elements. These ele-
ments are defined as the four legs, L1, L2, L3, and L4,
of the bridge 12. When a pressure load P 1s placed on
the transducer 10, an output voltage i1s measured be-
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tween terminals 18 and 20 as shown. At the same time
an input voltage is placed across terminals 14 and 16 as
shown. Of course, the operating principal involved 1s
that as the legs of the bridge 12 are loaded, the resis-
tance in the various legs changes by a measurable

amount which correlates to the magnitude of the load.
When a calibration resistor, Rcqy, 18 placed across two of

the terminals, the parallel connection of the calibration
resistor will mimic a known load upon the transducer 10
and will provide a known output between terminals 18
and 20 which can be checked against the calibrated
specification for the particular transducer.

FIG. 2 shows an overall view of the entire system
used for calibrating and testing the pressure transduc-
ers. The overall system is controlled by a system control
or computer 26, normally equipped with a keyboard or
other user input means. The system control sends com-
mands to the transducer multiplexer 22 over the IEEE-
488 bus labeled 28. This is a 16 line bus as indicated In
the figure. Input voltage for the transducers under test
is suppllied to the transducer multiplexer 22 over a
power line 27. In this embodiment, eight individual
pressure transducers 10 are linked to the transducer
multiplexer 22 by the eight 9-line cable bundles, the
leftmost of which is labeled 25. The individual transduc-
ers 10 are in turn operably connected to a pressure
manifold 30 by which a series of known pressure loads
may be placed upon the individual transducers 10. The
known loads are controlled by a pressure controller 23
- which receives commands over the bus 28 and in turn
regulates the pressure in the manifold 30. Suitably iden-
tified outputs from the individual transducers 10 are
supplied to the digital volt meter 24 via the transducer
multiplexer over the 5-wire cable labeled 29. The digital
volt meter is in turn connected to the system control as
shown.

FIG. 3 is a simplified schematic diagram of the func-
tional elements of the transducer multiplexer itself. The
transducer multiplexer 22 receives its commands over
the IEEE-488 bus, shown here as the 16-wire cable
labeled 28. The bus information is translated by the
IEEE-488 interface block 32. Two power supplies are
shown, 33 and 35. The transducer multiplexer power
supply 35 is a standard modular power supply which
converts 115 VAC to the various DC voltages needed
for the operation of the various chips, relays, LED’s,
etc. The programmable power supply 33 is an optional
element which provides a capability for internally sup-
plying input voltage to the individual transducers under
control of the IEEE-488 bus. It supplements the exter-
nal voltage supplied over line 27. The bus interface
block 32 communicates with the 6802 microprocessor
shown as block 34. The microprocessor in turn commus-
nicates with its RAM memory 36, the ROM memory 38
which contains the system operating program, and
transmits commands to the bridge leg selection block

40, the calibration resistor selection block 42, and the
channel selection block 44. Also shown in this figure are
the output to the digital voltmeter labeled 29 and the
9-wire bundles labeled 25 which go out to each of the
transducers.

FIG. 4 is a schematic diagram of the bus interface and
the power on reset portions of the transducer multi-
plexer. The power on reset portion is found at the bot-
tom portion of the figure and comprises the two AND
gates (LS08) an inverter (1.S04) and the three resistors,
one capacitor, and one diode as shown. The function of
this power on reset circuit 1s to reset the system to its
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starting conditions; that is, the latches are cleared, the
interfaces are cleared, and the system operating pro-
gram is reinitialized to its first instruction when the reset
output is produced. The main part of this figure is de-
voted to the IEEE-488 interface. This circuit comprises
five switches connected to the LS244 buffer, the main
interface controller chip (MC68488), four bus driver
chips (MC3448A), two inverters (LS04), and an OR
gate (LLS32). The function of this circuit is to provide
electrical compatibility with the IEEE-488 bus as de-
scribed in the IEEE-488-1978 specification. The
MC68488 interface controller provides the intelligence
to handle the 488 bus timing and make available to the
microprocessor (shown in FIG. 5) the data required for
further interpretation by the system operating program.
It also provides bus control as dictated by the program.
The MC3448A chips provide the electrical drive capa-
bility for the 488 bus. The five switches provide device
address entry. These addresses are buffered to the mi-
croprocessor data bus and stored in the MC68488 under
program control. The inputs to the bus interface circuit
are the four 4-wire bundles comprising the 488 bus
which input to the four MC3448A chips and the five
switched inputs to the L.S244 buffer. The outputs are as
shown on the right side of the figure. This circuit imple-
mentation is rather straightforward, and any connec-
tions which are not shown are self evident to one skilled
in the art.

FIG. 5 is a schematic diagram of the microprocessor
section of the transducer multiplexer. The inputs to the
microprocessor are generally as shown on the left por-
tion of the figure. The microprocessor itself is the
MC6802 chip. Also included are a data bus buffer chip
(L.S245), an address bus buffer section consisting of two
L.S244 chips, a control bus buffer (an L.S367 chip), and
associated gating. The function of this circuit is to fetch,
store and/or interpret data. The address bus, the 16-line
bus labeled A00-A15 at the MC6802 chip, outputs the
location to or from which data is to be transferred. The
data bus, the 8-line bus labeled D0-D7 between the
MC6802 chip and the LS 245 chip, carries the data to or
from the addressed location. The control bus provides
the timing to synchronize the data transfer. The buffers
provide the electrical drive capability to handle all the
devices connected to that bus. The outputs from this
circuit are then the data bus output (BDX), the address
bus (BADX), and the control bus signals as shown.

FIG. 6 shows the random access memory portion of
the transducer multiplexer. Basically it serves to pro-
vide 1K bytes of temporary data storage for the micro-
processor section. It consists of a pair of ROM chips
(2114A) and address decoding logic as shown.

FIG. 7 is a schematic diagram showing the read only
memory section of the transducer multiplexer. This
section provides 6K bytes of permanent data storage.
This represents the storage location for the system oper-
ating program for the transducer multiplexer. This cir-
cuit consists of three ROM’s (TMS2516) and address
decoding done by the LS139 chip and its associated
logic gating as shown. The three output lines, D0, D1
and D2, are address decoding for FIG. 8. D0 enables
the channel select decoder, D1 enables the R-Cal select
decoder, and D2 enables the front panel switch scanner.

FIG. 8 is a schematic diagram of the address decod-
ing section of the transducer multiplexer. This circuit
consists of two, one of eight decoders (LL.S138) and a one
of four decoder (half of the 1.S139 chip located in the
ROM circuit in FIG. 7 which provides the D0, D1 and
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D2 outputs). The 00, 01 and 02 lines of the BADX bus
are connected to the A, B, and C inputs respectively of
the 1.S138 chips. The enable input (E) i1s connected to
the G1 input of the LS138 chips. The D0 and D1 inputs
are connected to the G2A inputs on the LS138 chips.
And the READ/NOT WRITE signal lines are con-
nected to the G2B inputs of the LS138 chips. The 8-bit
output of the upper LS138 chip provides control infor-
mation to the channel selection circuits shown in FIG.
10. The two bit output from the lower LS138 chip
provides command information for the calibration resis-
tor selection circuit shown in FIG. 9. The remainder of
this circuit is a switch matrix 45 which provides a capa-
bility for manual control by the operator. Normally, the
transducer multiplexer will be controlled by the 488
bus; however, manual control is often advantageous
- under certain conditions. The circuit consists of lighted
momentary pushbutton switches which are controlled
by the 12-bit output line from the PIA(MC6820) chip.
Once the manual mode is in effect, a switch closure is
detected through the buffer which is under program
control. However, this circuit will be disabled if the 488

5
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bus is controlling the system. The channel, bridge leg or

calibration resistor circuit corresponding to a particular
switch closure is energized. Confirmation of the opera-
tor’s selection is displayed on the front panel by lighting
the LED integral to each pushbutton switch. The latch
(MC14508) provides for ON/OFF control of the RE-
MOTE LED 46. When on, it indicates that the trans-
ducer muitiplexer is under remote control through the
IEEE-488 bus. When off, it indicates that the transducer
multiplexer can be controlled manually through the
front panel pushbuttons.

FIG. 9 shows the calibration resistor selection and
bridge leg selection portions of the transducer multi-
plexer. The calibration resistor selection portion con-
sists of a latch (half of an MC14508), a dual one of four
decoder (MC14555), relay drivers 50 (DS8636), five
relays (double pole-single throw), and light emitting
diodes as shown. Its function is to select one of the four
fixed value calibration resistors (RCAL1-4) or the ex-
ternal jacks for a user-selected calibration resistor
(RCAL EXT). The latch stores the data received over
the BDX line which is then decoded by the MC145535
decoder, so that one of the five relays is selected. The
appropriate relay driver is turned on, closing the relay
and lighting the LED which is on the front panel of the
transducer multiplexer, giving the user a visual indica-
tion of the selected calibration resistor. The bridge leg
selection portion of the circuit consists of a latch
(MC14013, a one of four decoder), half of an MC14555,
relay drivers 54 (IDS8636), four relays (DPST), light
emitting diodes, NOR gates 52 (MC14001), and resis-
tors as shown. The bridge leg selection circuit selects
one of the four legs of the bridge across which the
selected RCAL will be connected. The latch stores the
data received from the BDX line which enables two of
the four relays to be energized, one for each side of the
leg. A one of four decoder decodes the latched data and
lights the appropriate LED to display the leg selection
to the operator. If no RCAL is selected, the circuit is
disabled until an RCAL is selected. The relay contacts
on an input to the relay drivers provide a break-before-
make function for the leg selection relays. The outputs
from these combined circuits are transmitted over out-
put lines 60, 61, 62 and 63.

FIG. 10 is a partial schematic drawing of the channel
selection portion of the transducer multiplexer. There
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are eight channels in this particular embodiment of the
transducer multiplexer and only two are shown here,
one in the upper half of the left portion of this figure and
the other in the lower half of this same portion. A single
channel selection circuit consists of a latch (half of an
MC14508) an inverter 65 (MC14069), a pair of relay
drivers 64 (DS8636), three relays (one three-pole single
throw and two double pole-single throw as shown) and
an LED for each channel. The function of each channel
selection circuit is to energize the appropriate relays to
allow the bridge signals over lines 70, 71, 72 and 73 and
74 to be transferred to the output connector 29. The
latch stores the data which allows the relays to be ener-
gized. The three pole relay (70, 71, 72) and a two pole
relay (73, 74) are energized whenever that channel is
selected, allowing the reference voltage and the signal
voltage of the bridge to be output to the volitmeter over
lines 29. The LED 1s also turned on to provide front
panel indication to the operator of the channel selected.

The second two pull relay is energized when an RCAL

resistor is selected, allowing the RCAL from 60, 61, 62,
63 to be connected to the bridge. The organization of
the lower channel is identical with the connectors being
labeled 80-86 in a similar fashion.

What 1s claimed is:

1. A transducer multiplexer device for controlling the
testing of a multiplicity of bridge type transducers con-
nected to loading means capable of applying a variety of
known loads to the transducers, the device being under
the control of a separate operator controlled command
unit, the device connected thereto by bus means and
providing output signals from the transducers to a sepa-
rate precision voltmeter means and the command unit,
the device comprising:

bus interface means which translate bus commands

into system commands for the device;
device microprocessor means which receive system
commands from the bus interface means and pro-
vide output commands to channel selection means,
bridge leg selection means and calibration resistor
selection means, the microprocessor means also
communicating with RAM means for temporary
storage of system information and with ROM
means which hold a system operating program;

calibration resistor selection means responsive to
commands from the device microprocessor means
which select one of a plurality of calibration resis-
tors;

bridge leg selection means responsive to commands

from the device microprocessor means which se-
lect one of the legs of one of the transducers to
which the selected calibration resistor is applied in

parallel;

channel selection means responsive to commands
from the device microprocessor means which se-
lect one of the transducers for testing in conjunc-
tion with the loading means or in conjunction with
calibration resistor and bridge leg selection means;
and

output means providing signals representing the re-
sponse of the transducers to the loading means
testing and to the calibration resistor testing such
that all signals are uniquely identified to the partic-
ular transducer which produced the respective
signals, such signals being supplied to the precision
voltmeter means and to the operator controlled

command unit.
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2. The transducer of claim 1 wherein the channel
selection means comprises a plurality of relay means
and relay driver means responsive tO miCroprocessor
output commands which select a single transducer from

the multiplicity of transducers.
3. The transducer multiplexer of claim 2 wherein the

calibration resistor selection means comprises a plural-
ity of relay means and relay driver means responsive to
microprocessor output commands which act to connect
a single calibration resistor to calibration resistor output
line means.

4. The calibration resistor selection means of claim 3
wherein the selection means contains a plurality of cali-
bration resistors of known resistance values which are
identified to the transducer multiplexer.

5. The calibration resistor selection means of claim 4
wherein the selection means further comprises means to
connect and select an external calibration resistor.

6. The transducer multiplexer of claim 3 wherein the
bridge leg selection means comprises a plurality of relay
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means and relay driver means responsive to micro-
processor output commands which connect the calibra-
tion resistor output line means, which are connected to

the single calibration resistor, to the opposite ends of

one of the legs of a single transducer.
7. The transducer multiplexer of claim 6 wherein the

output means includes means to communicate the out-
put voltage of each of the transducers, means to identify
the known loads, means to identify the selected calibra-
tion resistors, means to identify the selected bridge legs,
and means to identify the individual transducers.

8. The transducer multiplexer of claim 1 further com-
prising an internal programmable power supply to sup-
ply input voltage to the transducers.

9. The transducer multiplexer of claim 1 further com-

prising a manual command unit comprising a switch
matrix to provide auxiliary manual control over the

multiplexer functions.
* * * x *
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